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SUMINARY PAGE
THE PROBLEM

The purpose of this report is to provide within a single documsat, a
compendiux of dss on Head-up Dicplays (HUDs) in U, 8. Navyand U. 8.
Marine Corpe aircraft that is gerwiane to a Huzan Fac ors assessmant of HUD
deeign on pllct performance.

The dats in this report wure Somplied from curreat Neval Alr Training
end Opersting Procedures Standardization (NATOFS) manuals snd design speci-
fications for esch of the HUD units.

.’ ‘Opersticnal HUDs wers found to vary dramaticully from each other and the
wlittary epeificstion for HUDs, MIL-D-51841 (AB), with rospect to symbology
md Sormating. Purtbarmore, display clutter was reportsd by pilute to de a
major protlem. A comprshensive information processing evaluation of virtual
image symbols and formating under dynamic conditicas was recommended.

Finally, none of the current Navy afrcraft has a HUD control panal that
compliss to MIL-D-81841 (AS) , the military specification for HUUs. Pilots are
required to bring their eyss back "into" the cockpit to snsure proper switch
sslection snd, consequesntly, negats the primary purpose of maintaining a head-
up mode . .
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I. INTRODUCTION

Head-up displays (HUDs) utilize cathoda ray tubes and collimatiag optics
© project display information an a combdining glass mouated in front of the pilot's
oyes. By looking through the 20mbdiner, the pilot can monitor instrument dis-~
play synbology and resl -world targets at similar optical distances, and then
reduce ide noed for reaccommodsation when locking from one to the ather.
Advances in HUD tschnology have progressed st & rapid pace and have produced
e vuriety of HUD wodels. The U. 8. Navy and U, 8. Marine Corps bave four
oparational aircraft that carry HUDs. Thees aircxaft are the A4, A-7K, AV-8A,
and P-14A. With the addition of the orthwaming F-i8, there will be five HUDs
which have besn designed to acormmodsate specific Navy and Marine Corps

svistion missions and weapons dslivery systams. Table I presents the nomen-
clature and menufocturer for ssch of these five HUD systoms.

Unfortunately, the Human Factors evalustion of HUDgs hes not kept pace
with technological advances. The Human Factors Bnglnesring specificstion deal-
ing with HUDs, MCL-D-81C41(AS), is based primarily on expert opinica and not
on data from oontrolled experiments. Consequently, ressarch on how HUD
design aflects pilot performance needs to be done. Egan and Goodscn (3) have
reviewed MIL-D-81%41 (AS) and the Human PFactors literature on HUDes and have
made reccmmendations for research. However, specific infarmation on the
design of opsrational HUDs is difficult to collect aud collats due to the limited
distridution of design epecifications, snd the yecurrent updating of the Naval Alr
Training and Operating Procedures Standardization (NATOPS) manuals.

The prescot report provides a compendium of data on operational HUDs in
U. 8. Navy and U. 3. Marine Corps aircraft that is germane to 8 Human Factors
asseaspant of the effects of HUD deaign on pilot performance. The data in this
report were primarily compiled from current NATOPS manuals and detailed
design specifications for sach of the HUD units. Interviews with pilots provided
anecdotal information. The report is presentad in two sections. First,
specific comparisons are made among the formats and symbolagies found in
operstional HUDs snd those recomuended (o MIL-D-11041(AS) . Then, the HUD
contr. 1 units are reviswsd with respect to coatral switch type, location, nomea-
clature, functicn, and mode of opsration.

I, HUD SYMBOLOGY
COMPARISONS Ol SYMDOLS ACROSS AIRCRAFT

Table IT presents the HUD symbals usod in the A-dM, A-TZ, AV-HA, and
P-14A aireraft and the syzbols specified in MIL-D-81041 (AS) (1-10, 12-18).
It should be notod that Table 1 depicts only the form of sech sywbol and {s not
s representative comperison of symbol size and line widt.,. When an sircraft
" did pot have a symbol that was functionally the same ag that spacified by
. MIL-D-81641 (AS). a NONE was entersd for that cell of Tadble O.
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As can de rsadi.y observed from Table I., symbeology varies dramatically
across 2ircraft. As has been previously inted by Egan snd Goods .n (3), littls
is known of what display svmbology ia best from a humaa factors enginesring
standpoint.

DISPLAY MODES AND DISPLAY CLUTTER

Figurea 1 through 6 present ths display modes ecocording to MIL-D~
81041 (AS) for takeoff/navigetivn, terrain-following. bombing, boresight wespon,
guided weapcn, and landing. Figure 7 dapicts the specified lield of view and -
sppropriste syunibol locations. Display and test pwodes exe gchown for the A-4M
in Figures 8 through 10, the A-7E in Pigures 11 and 12, the AV-8A in Figu: =/
13 and i4, and the F-14A aircraft in Figurses 18 through 28.

As can be obsarved from Figures 1 through 28, the display formats vary
considerably across the aircraft and do not conform to MIL-D-81641 (A8). Some
obvious differences between ‘ha display formats ars the sbap, the number, and
the arrangement of the symbols presented during eny particular mode. Itis
difficult to srgue that MIL-D-81841 (AS) defines the optimal set of symbels and
formats t0 be used, aince sxparimenial cata cn virtual image symbuls and formats
are minimal. However, it would seem appropriats for the formate to conform to
Navy specifications in order to meintain standardization across sircraft,

Anecdotsl evidance frcm pilots indicates that display clutier is u ajor
problem. This {s supported by 8 survey (11) which indicated that A-7 piiota
turned their HUD cff because they felt it interfered with their performance. Dis-
play clutter is the moat common subject of complaint hy pilots. Pilots would like
to have a greater control over the inforwstion presentad on the HUD during the
various phases of their miesions. The decluiter switch on the A-4M und on the
PF-14A wus dasigned with this puzpose in mind. Howover, A-4M and F-14A
pilots still argue that they do not have snough control over the displays.

An initiul step in minimizing display clutter would bs to detarmine what
information {s wesential for each mode, and prasent only that infurmatiou on the
HUD. For example, attack pilots report that during a dive hombinyg run, altitude,
head!ng. airspeed, and pullup anticipation cue symbols si's not monitored and
need not be displayed. Thege symbols are reported to distract the pliot and
intarfers with his sbliity to maintain the BUD target symbol in alignment with
the cesignztad bomdb target.

It should Le remembered Luat the displays depicted in Figures 1 through &8
are dynamic displays. Symbols ars constuntly moving or changing their values,
Research on dynamic virtual image displayn {8 e=ssntislly non-exiatent. A simple
yet &ramstic exaniple of the inpact of symbology movement in HUDs can be shown
in the AV-8A. As shown In Table II, the AV--28A has digital alticude and airspeed
symbols. When the a’rcraft is in relatively stable flight, such as in a hover or
fiying the airways, the altitude and airspesd d'spisys can be sasily resd. How-
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ever, whaa the plany {s in a dive or & climd, the pllot cannct accurately read
sithar display because of the plane's rapidly changing altitude and airspsed. The
oeed for & comprehenatve information processing evaluation of virtual tmage
symbols and formating uader dynamic conditicns should be obvious.

M. PILOT CONTROL UNITS
Detailod descriptions of switch type, lous'don, nomenclature, function,
snd opsrational 1zodes for cech of the pilot HUD control units are preseated in
this section, along vith the modes of operation and manual controls specified by
MIL-D-81841 (AS) .
A. A-O4 (AN/AVQ-24)
The A-4M is 2 single seat attack aircraflt.

Control Locetion snd Switch Type

. Mgure 28 progents the H'JD control unit in the A-&M as viewsd from the
pllct's seat. The HUD in the A-4M is referred to as the Digtal Display Indi-
ostor and is located ca the top center porion of the instrument psnel. The con-
trols for the HUD are locrted on the port, starboard, and sft sections of the unit.
On the port side of the HUID tha:s ‘s & thres position toggle ewitch labeled tsst,
N, and DCLUTR. A .otary switch on the port side serves as the on/off snd
brightness contrcl. On tha startoard side of the HUD unit, s three poasition
rotary switch {s located that functions as the on/off and dbrightness contrel for
the standdby reticle. The aft portisn of the HUD has a rotary QFE switch, a
rotary wingspen switch, a three position tnggle switch labeled 1, 2, and 3, and
8 rolary mode sslector switch ledbeled A/A, NAV, CCIP, BARO, and MSL.

Table Id presents the HU.) control nomenclature and function descriptions
for the A-4M aircraft (8).

Modes of Operation

The A-L4{ HUD has sir modes of uparation. Thae display Jormat for each
mode is presented in snsther portion of this report.

1. Alr-to-Alr (Fig. 9)
3. Alr-to-Ground (RARO) (Figs. 8, 10)
3. Air-to-Ground (CCIP) Pigo. 8, ¥)

4. Navigate (Fig. 8)
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Table '

HUD Control Nomenclature and Function for the
A-4K Alrcraft®

————

Contral Nomenclature

Function

STBY RTCL OFF/BRT

BUD OFF/BRT

WINGSBPAN (W/SPAN)

Qe
WN1223

TEST/N/DCLUTR

Mode gelact switch (BARD posi-
tion)

Mode selezt switch (CCIP posi-
tioa)

Combined switch potantiometsr selects ON/
OFYF and cont-ols brilliancs of standdy

sight symbol.

Combdined switch potantiometer selects ON/
OFF, and sdjusts CRT symbol brilliance.

Provides adjustaant for target wirgspan
betwesn 20 and 120 feet. Adjusts missile
boresight circle diameter when in missile
wmode.

Provides adjustmant to local barometric
pressure altitude.

Three-position switch used tn select type
of wespon.

Three-position toggle switch.

1. Upper position - provides a fixed,
self-test digplay

2. Center position - provides a normal
system operstion according to mode
selentor

3. Lower position (DCLUTR) - removes
speed, altitudo, and heading indics*sr
symbols {rom display

Digital display indicator displays baro- )
metric rojease gir-to-ground (BARO) svm-
bology.

Digiwl dlspla . inc'cator displays coatin-
uously compuisd impact point air-to-
ground (CCIP. symdology.

T el i e A,
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Table
(Continued )

BUD Ciatrol Noamclature and Function for the
: A-0M Alrcrant®

R R . S S AN T R RS SRR

Coatrol Nomsenclature

Function

Mode select switth (NAV position)

Mode selict switch (A/A position)

Mode salect switch (MSL position)

Dig!.al display indiovtor displays aavi-
gation symbalogy including: heading
soale, pitch and roll attitude, abrspeed,
and altitude scale.

Digital display indicator displeys aiming
aight, range uctagon, tracer line, and
guncruss air-to-air synbology.

Digital display indicater displays missile
symbology guncross symbol used for
mis~ile doresighting. Missile baesight
ch.cle varied by wingspan ocatral and
pilnt set ©0 dorseight lasnve sllowsble
cas migsile selacted.

*Adapted from A-4M NATOPS
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¢ Misxile (Mig. 10)
¢. Standdy (rig. 9)

Other HUT Inpute

Inputs to the A-4M HUD, other than those on the unit itself, can be mace
taough ccmputer control. Manual inputs through the computsr contrcd pansl
located on the upper post section of the instrument panel include: dopression,
windspeed. wind heading, driXt, release aititude, and trzet al: itude information
required for wespon delivery. A thumbwheasl located on the forward face of the
turottle serves as u rarge control used in air-to-air calculation of stadiametric
nnge..

3. A-TR (AN/AVQ-7)
The A-7E is a single-sest attack aircraft.

Control Locetion anc! Switch Type

Figure 30 presents the HUD control unit in the A-7E as viswed from the
pli t's ssct. The HUD in the A-7E is reforred to as the Pilot's Display Unit, and
is lacated on the top center portion of the control panal. The in-range indictor
GN RNG) is locatsd on the aft-starboard combinar support. A combiner poaition
level is located on the eft-port combiner support. The receinder of the controls
are positionad on the aftar section of the Pilot's Div play Unit and include the
follcwing: @ two position toggle switch for punel light control, s rotary switch
for HUD on/off and brightness control, a rotary switch fn standby reticie on/off
and brightness control, 1 two poeitiin toggle switch for sslecting barometric or
radar altitude, s two position toggle switch for test display pressntation, a
rotary fliter knob for inserting or removing the night filter, and a rotary standby
retice depression switch. Also located on the after portion of the control unit
is ¢ 1L irdica'sr window which displays the depression angle of the standby
reticle.

Table [V presents the EUD contral nomenciature and function for the A-7E
aircraft (9).

Modes of Operation

The A-7E haa tsn mod s of operation. The display formats for each xode
are presantad in Pigures 11 and 132.

1. Radar Bomb (Pig. 11)

2. Radar S8omb Offest (Fig. 11)

10
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Tatla lv

HUD Control Namenclature and Func don for the
A-78 Alrcrant*

o

Coatral Nomnclature

e

Function

N RNG indicator

PNL LTS swich

STBY RETICLE power and bright-
ness wontrol.

TEST switch

MILE indicator

Stuanddy reticle depression xnobd.

BARO ALT/RDR ALT switch

ON - ind{cates PLR {s {u AGR modse and {s
locked on & target within s preselected
range. Range is seton the Range St
thumbwheel contrcl on instrument panal.
The light is not controlled by the Tactical
Computer.

PNL LTS - turns on HUD penel lights.
OFF - turns off HUD panal lights.

BRT - clockwiena rotatica appliss power to
standdy reticle and increases reticle
brighmiess.

OFF - full counterclockwise rotation turns
off standdy reticle.

TEST - initiates built-in self-teet.
OFF - disconnects salf~sst.

Indicates depression angle of standby
reticls in mile.

DEPR - clockwise rotation adjusts the
standby roeticle depression angle from
sero to 219 mils. Two dstent poaitions
sre provided, one at the z18ro position
and one at approxixately 87 mils (5°}.

BARO ALT - csuses berometric altitude
to be indicated on HUD altitude ocale.

RDR ALT - causes Radar Altimster ulti-
tude to be indicatad on the HUD altitude
scale with an index mark benesath the
aumaeric. When the Radar Altimeter {s
not lccked on, (he HUD altitude ucele
will indicate 0.

11
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Table IV .
(Continted) ;
HUD Contrel Noaenclature and Function for the
A-~7TB Atrcraft®
Conirol N’;Tcmumn B Punction
FILTER Xnob DAY - removes night filter from field of view.

NGT - inserts filter in front of lens.

SCALES switch SCALES - displays sirspe d, altitude,
vortical velocity, and heeding sym-

dology .
OFY - removes acales fi

o display.

HUD power and brightness oconfrol BRT - clookwise rotation spplies power to
the HUD and incressss ¢ymbol bright-

OFF - full countsrchhckwise rotation turns
off the HUD except for the standby

reticle.

Coabdiner position lever Parmits fors and aft movement of combinar
glass to raise and lower HUD fluld of

view.

*Adapted from A-7B NATOPS.

12

v . - .. . -

. e gh e g v e e W - e e ST o ——




3. Normal Attack (Fig. 11)
4. Normal Attack Offset (rig. 11)
§. Terrain Pollowing (rig 11)
§. Landing (Fige. 11, 12)
7. Navigation Bomd (rig. 11)
§. Datalinsk (rig. 11)
. Gun Hi/Oun Low (Pig. 11)
10. Standdy (rig. 13)

Other HUD Inputs

Modo salection in the A-7B is accomplished through external signals sup-
plied to the KUD from the Master Function Selectors. The Master Function selec-
tors are & series of pushbuttons located on the port instrument psnel. Table V
presants a listing of the Master Function Selectors and their functions (9).

A slew matrol for the HUD aiming symboal {s positioned oa the alrcz~RR's
port instrument coasole. This "joystick" permits movements of the HUD alwing
symbo!l in elevation and aximuth. A reticle slew thumbwheal, which is
currently disabled, ts locsted on the base of the throttle grip and is designed o
slew elevation commands to ths HUD riming symbol.

C. AV-IA

The AV-8A is a single seat attack, vertical short takeoff and landing
(V/STOL) aircraft. The TAV-8A is a tandem two-seat V/STOL trainer. The front
coskpit of the TAVr-EA is basically {dentical to the singlo-sest AV-8A's cockpit.
The HUDs in esch tircraft are identical. However, the TAV-{A also has & HUD
in the aft cockpit. Thersfore, in the llowing descriptions, controls and functiors
will be idmatified with respect to cockpit. Refsrences to the froat cockpit are
spplicable to both sizcraft. '

Coatrol Location and Switch Tyro

Figures 31 and 32 prewant the HUD and the HUD control psnel, recpec- '
tively, for the AV-8A aircraft. The pilot's HUD control pansl s located
{n the forward cockpit, abova the pert instrument coneole. Controls on the
coatrol panel include the fcllowing: 8 six-porition rotary mode sslector
knob. a rotary display brightness control, a two-position toggle switch for

13
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Tadle V

Master Function Selectors for the A-7E Afrcraft®

Contrnl Nowmenclature

Function

RADAR BOMB

NORM ATTACK

LDG

OFFSET

NAV BOMB

DATA LINK

GUHN HI/GUN LOW saelectors

Salecta the Radar Bomb modse of attack for
the weapons delivery system,

Selects the Normal Atteck mods for the wes-
pons delivery system. Used for computed

lead for rockets and air-to-ground gun mode.

Salects Terrain Following mode. Causes
HUD and AD! to display TF and Navigation
mode symbology .

Salects the Automatic Carrier Landing Sys-
tam (ACLS). Causes the HUD to display
landing symbology. The HSI displays
TACAN distance and bearing.

Used in conjunction with the Normal Attack
o~ Radsr Bomb mode to attack s target that
may not be visible but can be located in
relation to an offset aimpoint (OAP) .

Selycts the Navigation Bomb mode. Uses
target coordinates, as stored in the Tac-
tical Computer, as a normal destination.

Necouples the Tactical Computer and
couples Data Link guidances.

Selects the computer air-to-air gun attack
mode. HUD displays lsad camouting alm-
ing symbol. Computer updates are not
possible in this mode.

*Adapted from A-7E NATOPS.
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display:ng tha speed error ayubol, a rotary switch for adjusdng set speed,
two-position toggle awitLh for selecting indicated sirspeed or mach number, a
two-position toggle on/off switch for selecting UHF homer, a two-position
toggle on/off switch for selecting angls of attack, a two-position oggle switch
for selecilng radio or barometric altitude, a two-poaition toggle switch Sr
salecting or deselect'ug TACAN stsering, two puah-buttons 'abeled "Test"
and "2% that allcw test patterns to be displayed, a rotary switch for setting

barometric prassure datum, and a rotary switch for sslscting air-to-air jun
mode and target wingspsn adjustment,

Table V1 presents the HUD control nomenclature and function for the AV-8A
and TAV-QA aircraft (7).

Modes of Operation

The AV-8A has four modes of operstion. The display formats for ssch aode
are preevted in Figures 13 and 14.

1. V/STUL (rig. 13)

2. NAVIGATION (rig. i3)
S. WRAPONS A (Fig. 13)
4. WRAPONS B (Pig. 13)

Although a fifth rmode, Weapons C, is provided for on the HUD control panel, it
is curreatly inoperative.

Qther HUD Inputs

A HUD override panel {s located on the port section of the aft cockpit's
tnstrumaent panel. The panel has a three-position rotary switch labeled NORM,
V.STOL, and NAV. When V/STOL or NAV are selected, selections in the front
cockpit are overriden. When NORM is selected, the HUD coutrol panal mode
selections are displayed.

A HUD display panel {1 located on the staiboard instrument cunsole in the
af! cockpit.

"The panel contsins two pruset sdjustrients labeled PANEL
PRESET, two tes! buttons lebaled TEST 1 and TEST 2. two pre-
oot sdjustnients ladeled H, two presst adjustments labeled XG
and YO, and a contral knod labeled DIM. The PANEL PRESET
sdjustmants are made before flight to set the brightness level of
the resr HUD un't. The test buttor:s, when depressed, cause
s tast pattern to be dicplaysd on beth HUD units. If TBST 1

15
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Tabls V1

HUD Contro! Nomenc!la®ure and Punction for the
AV-8A Alrcrait*

Soatral Nomenclature. Function

HUD mode selection knob . The mode selector knod, labe'ed OFF,
V/8TOL, NAV, WPNS A, WPN. B, WPNS C,
switchies the HUD aystem on and selects the
symbols required for normal flight modes.
The WPNS C mode Is incperative. Rotating
the knod out of the OFF position energizes
the HUD system and enables the UMY hom-
ing steering bar. Selecting the NAV osition
selects the navigstion display. Selecting
the V/STOL position selects & V/STOL dis-
play which is similar to the navigsticn dis-
play sxcept for the sdded sideslip inuvication,
Optional symbol pressntations in the two
modes also vary. The WPNS A and WPNS B
modes are air-to-greund waapon aiming
modes. Air-to-sir weapon aiming displays
ars selacted with the wingspen sstting knob,

Display Brightness Ceatrol. A knod labeled DIM adjusts the display in-
tensity to a contract level which is main-
fained dctomatically by the solar cell uait.

Brror Scale Switch, The ON positiva is lsbeled ERROR SCALE.

The specd error symbol is displayed when
the switch is ON.
fot Speed Control. A knod, labeled SET SPEED, causos digits

indicating demanded spaec to bo displayed
whan the knob is pushed aguinst its spring-
Joading. The iemanded spoed displayed
can be edjusted by rotating the set speed
contrel knob.

IAS /MACH Selector Switch. Determines whether JAS or Mach number is
displayed in the NAY mods.

160
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Table V1
(Continued)

RUD Contral Narenclature and Function for ths
AV-8A Alrcraft®

e P v O e —— e e R ——
“Coatrai Nomaaclature

Function
UHF Homaer Salector Switch. Labeled HOMER when (n the UP position,
permits & UHF homer symbal to be dlaplayad
on the HUD.
AOA Selector Switch. Labeled ADD, when in the UP position, par-

ri's an anple of attack symbel to be dis-
played on the HUD. .

Radio/Baro Switch, Radar altimater height can be displayed by
positioning the radio/baro sw!ich to RADIO.
The nunbder displayed is proceded by the
lottar R. Rudar height display ir aveilable
in ull modes exoept air-to-sir. Placing
the switch to BARO causes bauometric
baight to be displayed on tha HUD,

TACAN Switch. Placing this awitch to the UP position per-
mits a TACAN steering symbal to b dis-
played on the HUD.

B3¢ Test Buttons 1 and 2. Permits dullt-In test equipmant (BIT) tests
to be made. Whan one of the butions s de-
presaed an sssocisted test is initiated snd
a test pattern is displayed for as long as the
bution is held depresesed. .

Barometric Pressure Datum Seiting A knobd labeled SET IN HG s«djusts the baro-

Control and Indicstwr. metric pressure datum. The sslected datum
e displayed on an indicator next to the knob.
The datum satting 3\nge {s from 24.00 to
31,00 inchee of mercury.

Wingspan Setting Control and An ON/OFF wintrol, labeled SPAN, pre-

Afr-to-Air Mode Knob. selects the air-to-uir gun mods when rotated
from OFF. Prurther rotation of the control
sets the wingspan of the target for use during
stacismetric ranging. The spen set is indi-
cated in ¢ wirdow next to the contivl. A
span range of 20 to 120 fas! is availadle.

* Ad-pted from AV-8A/TAV-BA NATGPS
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button {s depressed in either cockpit, it overrides TRIT 2 selec-
tions in the other cockpit. The H preset adiustnents are made
bafore Qight to harzmonize the aiming point. The XG d XY
preset adjustments are pada before flight to adjust the display.

-The DIM control knod sdjusts the rear cockpit HUD contrest
level. This Jevel is then maintained automatically by the rear
solar cell unit.” (9, p. 283).

D. F-14A (AN/AVQ-12)

The F-142 {s & tandem two-seat Aghter aircraft. The crew consists of a
pilot and s radsr intercept olficer (RIO).

Control Location and Switch Type

The HUD in the F-14 {e part of the Vertical Display Indicstor Group (VDIQ.
The other compunent of VDIG 1s a head-down CRT display, the vertical display
indicator (VDI). The VDI and HUD simultanevusly precent mode information to

the pllot.

Figure 33 presents s picture of the windscreen that serves as & chabiner
in the F-14A. Nols the reflaction of the HUD exit lens on the windscreen. Posi-
tioned on the lower starboard instrument console, part of the VDIG contiol panel
can be sesn. Figure 34 presents ths VDIG control panel, as seen from the pilot's

soat in the F-14A.

The VDIO ocontrol panel iz locsted on the pilot's starboard instrument conaole.
Both VDI and HUD controls are cn this panel. The RUD brightnees control, the
HUD trim control. and the HUD pitch ladder control, are all rotary switches. Ths
HUD declutter coatrol, the HUD AWL control, and the HUD power switch ave all
two-position toggle switches. Theze are 10 pushhuttons located on the panel.
Pive are for mode selection and five are for submode seluction. Only ons mode
and svbmods can be sslected at a time. When the sjuare pushbutton is depressed,
it automatically rutates $0°. This rotation provides the pilot with easy recog-
nition of what mode and/or submode {s selected.

Table V11 presents ths BEUD nomenclature and function for the P-14A air-
craft (10).

Modes of Operation
The F-14A has five primary modes and five stesring command submodes.

1. Primary modes

a. Take-off
b. Cruise
1A
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NUD Corntrol Nomenclature and Functica for the

Tabdle VI

F-14A Alrcraftt

g ererstiheremng

Control Noxenclature

————

Punction

RUD BRT control.
KUD TRIM coatral.

BUD AWL switch.

HUD DECLUTTER switch.

PITCH LAD oontrol .

POWER switches.

MODE Pushbuttons

TO -

CRUISE -

A/A -

Allows pilot to vary HUD drightness.
Allows pllot to adjust pitch trim on HUD.

L8 - Seleuts (AN/SPN-41) display pre-
ssntation on the HUD dvring landing
phasve.

ACL - Nalscts (AN/PSN-41) display pie-
ssntation on the MUD during landing
phases. Normally left in the ACLP position.

Placing the switch to ON position reduces
the amount of symdology on the HUD. HUD
declutter switch can be used in all modes
axcept cruise.

Contrals the position cf the pitch ladder on
the HUD. To move pitch laddar UP, the
ocontrol is rotated clockwise. Counterclock-
wise rotatiocn moves it duwn.

Three separate switches are provided for
ON-OFF power con’rol of the VDI. HUD,
and HSD/ECMD. All thres switches must
De set o ON to satisfy OBC. In the event
of display loss ciused by electrical power
transients, dis)lay may bs restored by
cycling the apgropriate ON-OFF switch,

Selects takeofl aymboiogy for tha HUD and
vDI.

Selec?s cruise symbology for the HUD and
vDlL.

Selects A/A aitack symbology for the HUD
and VDI

11
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Tehla VI
(Cmupucq)
HUD Coatral Nomer.clature and Puncilon for the
F-14A Aircnn" '
Coatrol Nozenclature ‘ Punction
A/Q - Salecis A/ atack mnbolouy for the HUD
and V1.
o - | . Salects landing ((L8, ACL) symbtulcgy on
he HUD and VDI.
STXER CiD Pushbutions.
TACAN - Provides TACAN stearing and deviation
. from the selacted TACAN radial.
DRST - . Provides courss to selcsted pront desti-
hation point.
AWL/PCD - Providee glideslope information during
landing or precision course direction
(vestor) information duriag A/G.
VEC - ' Provides D/L devistion steering.
MAN - ) Displays manually salected course and

heading.

*Aaapted from P-14A NATOPS
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¢. Air-90-Alr

4. Atr-to-Oround , !
o. Landing | |
3. Susering command sudbmodec
8. TACAN ,
b. Destination ' ]
¢. All Weathor Landing/Precision course direction.
d. Vestwor .
e. Manual

Combhination of the primary modes, stsering command subwodes. and f

::)npoa salection yisld the following 23 operational modes (Pigures 18 through

- - - -

Q. Take-off/manudl (rig. 18)
d. Take-off/TACAN (Fig. 18)
¢. Cruise/Vector (Fig. 16)

d. Crulse/TACAN (rig. 18)

———— S ——

. Cruise/menual (Fig. 17)
{. Cruise/destination (Fig. 17) | }
§. A/A manual gun (Fig. 10)
h. A/A optical track (Fig. 10)
§. A/A sidewindsr doresight (rig. 19)

j. A/A sldewinder NORNMAL (Pig. 19)

k. A/A Phoenix doresight (Fig. 20) . ,‘;-‘
,l' "‘
1. A/A rbdoenix normal (Fig. 20) f«.‘_

m. A/A SPARROW boresight (Pig. 21) R4S

1




8. A/A SPARROW normal (Fig. 11)
0. A/Q Computsr-Initial Point (Pig, 22)
p. A/G Computer - Target ly. 22)
q. A/G Precision Course Direction (Fig. 23)
r. A/G Computer-Pilot (Bomb) (Fig. 23)
8. A/G Computer-Pilo? (Guns. Reckets) (Fig. 24)
t. A/GManual (Fig. 2%)
u. Landing/Vector (Pig. 28)
v. Landing/All Weather Landing (Pig. 26)
w. Landing/TACAN (Fig. 26).
Other HUD lnputs

puts into the inertial navigation system or weapene eelection by the pilot
influances what is depicted on the HUD, HUD test wodes sre initiated when INST
is selected oa the master test panel.

E. GENERAL COMMENTS

Further detailed information on pilot inputs to the HUD units are available
from the tactical manual for sach alrcrust Classified pa-tions of this information
are not included in this zeport.

The modes of the operation available to the pilot vary consicerally from
airoraft to aircraft. This can be explained partly in terms of the mies‘ons of the
different aircraft (1.e., atteck, V/STOL, fighter). The modes specified in
MIL-D-681841(AS) are as follows:

1. Takeoff/Navigation

2. Terrain Pollowing

§. Bombiag

4. Boresight Weapons

§. Guidad Weapons

22
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6. Landing

7. Teat

6. Boreaight

0. Suanddy :

The terratu-fallowing mcde is optional for both attack and fightar alrersl,
bombing mode 18 optional for fightar airuraft, and Guidod Wespons mode is
optional for attack aircraft. According to MIL-D-81641(A8). "Modses such 28
Boaldng. Boresight Wespons, and Non-Boresight missiles may have submodes
which should be designated by the detailed specifications of the EUD for a
particular aac.aft." (8, p. 11).

MIL-D-81841 (AS) also liats the nianual coatral to be provided on the HUD
control panel. Thess controls are:

1. Symbol Brightness/Off

1. Mode Selectors

3. Submods Seloction

4. HUD Barometric/Radar Altitude Selaction
§. Barowmetric Altitude Adjustment

6. VAM Salection (vertical velncity/airspeed/mach number).
7. Scales on/off

8. Filter

§. Standby Reticle Brightness
10. Standby Reticle MIL Depression
1]. Standby Reticle Filament Selection
12. Camaraon/off
13. HUD Control Praal Lights Switch

As can be roted from tho previcus sections, nonu of the aircra® has a
MUD control pansl that conforms lo the military specificstion for HUDs. Accord-
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ing to MIL-D-21841 (AS) , the HUD cuntrol penal is to be located on the starboard
side of the cockpii. Orly ths F-14A dtrcraft meets this specificstion.

Although all the manual HUD controls are cisarly labeled, the pilot {s
required \o bring his eyes back “inw™ the cockpit to ensure proper switch
eslection. Contrals lccatod on the sire of the HUD unit, such as in the A-4M,
are st dest ulfficult to read. However, !n&krmal interviess with A-éM, A-7B,
AV-8A, and F-14A pilots indicate that the pilots do niet consider the HUD cortrol
penals a probiem area. All pilots interviswsd felt that the penels were sasy
10 Use, and thare wes little likelihood cf inadvertent control sctivation or control
confusion. Computer .nputs to the HUDs tre typically accomplished on the deck
prior to taxi. Rarely are inputs to the HUD via the computer entersd in flight,
Overall, the worklosd requirements for computsr input ard rode selection are
minimal and are not cousiderad a detriment to mission perfor.xance.

IV. SUBDMARY

Operaticnal HUDs wers found to differ significantly from each other and from
the wilitary specification for HUDs, MIL-D-$1841 (AS), with respect to symbtology
and fnrmating. Purtheranre, display clatter was reported by pllots to be & major
problemy. A comprehanrnive intormatica processing evaluation ot virtusl image
symbols and formating under dynanic display conditions is t ecommended.

None of the current aircraft has a HUD control panal that complies to
MIL-D-81841(AS) . the military specification for HUDs, Pilote are required to
bring their eyes back "intn” the cockpit to ensure proper awitch seleciion and,
consequantly, negate the primary purpose of maintaining a hsad-up mads.
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Figure 8. A-4M Display Modes

u

L ATTI?UOE
t $ 1)

mv
(&P

147
t' Renct

Y . N B >4

e am e . w—

- - .

[ - em——




- @ @ . - —

PTG & QPSS Py W

é:
%

-L°_..'_-’-"°""

ot
SELF TEST DISPLAY
STAOEY ETICU AR-TO-AIR GUN MODE
T BT
‘L T ;

ey e —— wmf ——
— o
SOLF TEST BISMAY e e SELFTEST DISMAY e od
SOV HGAT 10 MODE A CC 1P MOSE
Figure 5. A-4M Test Modes

——— - —— -

— — —— * -




SSpON 1L NY- T sunfiy
XN ZUSSIW ‘ 300W O¥YS 95V
AVdSIQ 1S31 N3S AVIdSIQ 1S3 N3S
— —— — — -

L 2 L c

- M

) ) ' _”

e Q U . . Q _ .

“ . SR - ) h V [ ] “




- - e wye - - e — gy
[' C e v —- - - ..

P N ——— — -
: | lostooToote )
t - . mm
[ i
% TN . < “
2 RN wmv
| n” U.s " — fghd
SRS O I | .
" feves loso® _l.....a....tu ..mm
S0 S T
.Iw,ﬂ»u | B
wpl 1 — |k
8
.oorodoo.-h-u H ’ 5
- tesoolooes ™ .
ol
' o-# } . I _ °

WTH STAIDSY RETICLE

MNMACUTE N T+ MOOE
MOR ALT sstenmd}

|} , —

-.... -..’."




Ceew. ey Yp—

(30088 IINLILTIV NVYAVYH)

mmaog Aepdeig -V Tt e

INET (KO114 WOLVOIONI
FTIONV HIVZiHOTYI ‘ ONING VM

#$0123410
. ONIONY
h IIvOS
G33145YHtv
— *
[ ]
®
L)
”/
e AINIWHE ADVILY
. 209NV
L ]
: [ ]
N —

HIXHYN
MHAVLLHO 4

AIVIS ONIOVYIH

3
Lo




S e e . —

e g - o B

camn . -—

MODE DISPLAYS

NAVIGATION MODE OISPLAY

Soavpe ape-

?O:Cn 'Y:“. [34 YN

! ATID MRAPELD A WALH RUNBEA
wOMZON §AR Gromm)
SAROMETAK 4EIGHT (ENONN) OR RADID NEIBNT
PRESIXED Y W)

VESTICAL 9&!0 SCALY

SASNEYC READING ACALS

TACAN 0ADIAL

WEVATONANSLE Pan

Uné MOWMNG SYuR0L

MACRAST §YM30L

ANSLE OF ATTALK $CALL

WA (WIAPON A) MODE mmu}——

Ll T I FVY VI

C\@\..Qin
i *\@

. ﬂ r'-

ol

YLD (RRQR AL

AUt RSP eEn

ERL (ROLS

RACIO WEIGHT (INOWN: OR BAROWETRIC WE GNY
SCNT ARYLE N WIS

WEP TINARDELEVATICN ANGLE BARS

ASCOT WATHIN A RIRAFT SYMEOL

ANGLE OF ATTACK $CALE

Figure 13.

e

AV-8A Disrlay Modes

LD BT T Y S

V/STOL MODE ONLY

b B 22 20 Lo

NDICATED AIRSPELD

HORIZ N BAR

RADIQ MELBHT IS0 0W . 08 BARCMETRIS Wi Gn?
VERTICAL BPIEDSCA, !

BAGNITIC MEACING SCALE

$IDETL® BALL AND LIWMT MATKS

SLEVATIONW ANGLE DAR

AGCRAFT SYwel(

AQLEOF ATTACK SCALS

!
3
)
[}
]
¢
1
]
4
’
1

-

W 'WEAPON % ) MOOH OISPLAY ———

-
@ o -
. * ‘ - "'{TD
°j ="
[ 3
-= 1
PLEO FOROA SCALE
TAYE ARSPEED
AL CACSY

WOMIZ(M AND ELEVATION ANGLE DARS

RADIO WEIGNT JHOWN! SR SARIMETRIC wEtTuY
SCHT ANG B INMILS

ccecue

COPCUC WHEN MCAE THAX 18O BELOW IR
AMOQT Wit AIBCAAFT SYMECY

ANGLE OF ATTALC fCALE

COPCUE W T BNEACAWAY COOSS SUPE R MPUSED

39

- e

-




Ceew e e e

W B gemancmegrmme nu

* qpman oy

—— -

MODE DISPLAYS

HOLWINDIR DISPLAY

(AFT6R MOD 6120)

18 L6Cx08

ROTATING L:OEMNOLA
CROSS i SEaM PAIOR

AIR-TO-AIR QUNS DISHAY

-y

. v ol oy S

AIRCAAFT SYEIO0L

/(’ll(ﬂl”ll

ﬁ - r-“
‘:.':5‘.’:\\ | /

7

T T
/) \

- = ~— -3

BIT DISPLAYS

ey 1887 1 DISPLAY

3
[} 14 N

.
A °

— O —
. .
.
.

.

Figare 14.

4

872 DISMAY
3
(X ] [ F5 |
e 0 o
N
—ﬁ X
' 7/ N
b ] _+_
| — — =

AV-8A Display and Te. ~ Modes

T ™

I el







- D meeat = < i

SOOWENS NVIVi /300W RN

e
T
N

sepogq As1dsiq VIT-4 ST 8By

(NEVW I
nyv SN0V )
140 ALD NOJVYIAN
ot visvm
ot vy (03197128 NND )
PromitiA 1 G303
AQViM
ANINVYINSY

42

SO0OWENS BOLIIA/BIOW IRNBD




AT AT I = g - . WML L. . e e B . T
sapoy As[de1d vy1-4 91 By
“I-
Al

300WENS NOLLYNLISIO/3GOW ZSINTD

IQOWSNE TVNNYW/2GOW ISINND










40

2GOW LHOISTRON XMNOINd V/V













......Y‘

PULLAP TARGET
cus DESIGNATON
SR
L
© NO BOMS FALL LINE AND SOLUTION CUES NT
NOTE
1. VOI IDENTICAL TO COMPUTER - iP MOOE

 ACM IS NOT SELECTED

1 AWCE BAEARANAY IS AVAILASLE
4 HUD - 1:1 NTCH COMPRESIION
& VOI - 120° M00¢

Figure 13, ™-14A Display Nodes

50

C - e o ——

* eas

. ——— e e

O o A ot = e - —

J ) Sov vilprus ghen 2

.




PGP - - bl el ol b s e o ddh K Al o . ae o dbdi ol — - a—-e
rl - . e - - -

. . - - et cer o S - e
[ . -
— e am—_ am e - . . . A . ~
: - - - - - . RN —
-




sopoyq LepdeiQ VII-4 "¢ sanByy

WCLIIA
WV




. n. . em- - ——
- =X b it b S Al Wond
® rme—e - -~ . N . . -
. - -
4

*!

SOpON WO L V-4 97 sanByy




P irnsrest.. e B

————— . .

~ Y S . _ R S N P

T T T e N T W s S G | Sa— ——— o

SOPON WO L VIT-4 47 smBig

54




113

mmmuwn-ﬂnw&ummauu

Figuze 28.

. —

-_—

-y

—— et




——— - . e~ — - - - B e e e e e g T B Gree - G WM < - ¢ e a—

st it St - g —— - T e e ————— i bnt—en. .\ e e e w  m— s e o dm—— W . mamn m—— e - - wt —————

“yene 8,200d o Mo peasts 58 5V 6@ O N o) anig 82 Sty




- =3l ' NTTIT T Ty

i et e P o wy -

HUD Unit in the AV-8A a8 viewed from the pfiot's sest.

Figure 38.




HUD Control Unit in the Av-u-v:.-duumpmcuu

vigurs S1.

8




———— - . - - ———— ——

—
;
|
|
! t
|
5.
3
:

.-




* Seams commstuumtt.  © SN R0 D LTI T TR ——

RIZTTTYY

T e

Figure 33. HUD Control Unit in the F-14A ag viewed from the pilot's seet.

- —— -

— — e o




ccwiwes o . - _— e -.w——w-—r—ﬂ
.

r

T T

ol R e, - . - P
sticaal HUDs weve found to vary dramatically from sach other and the military specification
for HUDa, MIL-D-§1641(AS), with respect te and formating. Purthermore, diplay

)| odufier was reportad by plots to be 8 maor problem. A comprehensive informstion
svalustion of virteal image symbols and formating sader dyn:nk conditions was mm

Poully, neme of the curret sircralt has s HUD control panel that complies 1o MIL.D 8164 '
(AS), the mRtary specificetion for HUDs. Pllots are required to bring t.eir eyes back into® the

4 cockpit = eapum owitch sslaction and, consequendy, megite purpose of
- mm.ur;?:« : o primesy

| A

AN D
-, -

P S

. —— - - - o —
mnv

— — —




